Expression of PRL-1 protein was examined with immunohistochemistry in 60 cases of esophageal squamous cell carcinoma (ESCC) with matched lymph node metastasis (n = 40) and 6 cases of esophageal adenocarcinoma. Its association with ESCC metastasis was also explored. The results showed that PRL-1 protein was more frequently expressed in ESCC with metastasis (31/40, 77.5%) than in ESCC without metastasis (10/20, 50%, P = .031) and more in metastatic ESCC (39/40, 97.5%) than primary ESCC (68.3%, P = .003). PRL-1 protein expression significantly correlated with the stage of ESCC, 79.4% (27/34) in stage III ESCC and 33.3% (1/3) in stage 1 ESCC (P = .003). PRL-1 protein was characteristically expressed in the nuclei, in addition to the cytoplasm, of 3 out of 4 (66.7%) poorly differentiated esophageal adenocarcinoma. These findings suggest that PRL-1 may serve as the potential biomarker to predict the metastasis of ESCC and a better biomarker than PRL-3 in the differential diagnosis of poorly differentiated ESCC.
Introduction
Esophageal carcinoma remains one of the most common human malignant tumors worldwide [1] . In China, the incidence of esophageal carcinoma is up to 50/10 5 with the mortality of 100/10 5 [2, 3] . The effective treatment depends on early diagnosis, with which over 90% of the patients can survive 5 to 10 years [2] . Deep invasion and metastasis account for the main causes of death for the patients with esophageal carcinoma. Most esophageal carcinoma in China is squamous cell carcinoma, different from predominantly adenocarcinoma in Western countries. Nutrition, tobacco, and alcohol are believed to be the major contributors for development of esophageal squamous cell carcinoma (ESCC), whereas Barrett's esophagus is considered a key precancerous lesion with a strong association with the development of dysplasia and subsequent esophageal adenocarcinoma [3, 4] .
Protein tyrosine phosphatases (PTPs) are a rapidly growing subgroup of protein phosphatase super family and involved in regulating functions of diverse proteins controlling numerous essential events in eukaryotes, such as transcriptional regulation, apoptosis, cell cycle progression, protein degradation, and protein trafficking [5] [6] [7] . Phosphatase of regenerating liver (PRL) is a new subclass of PTP family and has 3 members so far, PRL-1, PRL-2, and PRL-3 [8, 9] . Although PRLs are expressed in many normal tissues at different levels [8, 10, 11] , aberrant expression of PRLs has been identified in a variety of cancer cell lines and tissues, especially in metastatic colorectal cancer [12] [13] [14] [15] [16] . Preliminary experiments have demonstrated that inhibition of endogenous PRL-3 in cancerous cells can abrogate cell motility and ability to metastasize in a mouse model [17] . These findings strongly suggest PRL's potential to serve as biomarkers and therapeutic targets in cancer.
The frequency of PRL-3 expression was observed in human colorectal, gastric, hepatic, ovarian, cholangiocarcinoma, nasopharyngeal, esophageal, and breast cancers as compared with their normal tissues [13] [14] [15] [16] [18] [19] [20] [21] [22] [23] . PRL-1 mRNA expression was also more often seen in the ESCC [24] . But it remains unknown in tumor for expression of PRL-1 protein, which is expressed in many more normal tissues 2 ISRN Pathology than PRL-3 [9] [10] [11] , especially in several digestive epithelial tissues (esophagus, stomach, intestine, and liver) [25] . This study focused on the expression of PRL-1 protein in primary ESCC and their metastatic lesions in lymph node. Correlation between expression of PRL-1 proteins and clinicopathological features was analyzed.
Materials and Methods
2.1. Tissue Samples. Sixty cases of ESCC were selected from surgical pathology files in the Department of Pathology, Anyang Tumor Hospital, Henan, China. Among those 60 cases, 40 cases had matching metastatic lymph nodes and 20 had normal esophageal mucosa taken from resection margins. The diagnoses of ESCC were reconfirmed histologically for all the tumors. Tumor was classified and staged according to World Health Organization criteria [3] . Out of 60 ESCCs, 11, 34, and 15 are well, moderately, and poorly differentiated, respectively. Fifteen, 38, and 7 cases were stages I, II, and III. Six cases of esophageal adenocarcinoma (EA) were also chosen, classified, and staged in the same way. Among 6 cases of EA, 1 and 5 are well and poorly differentiated.
The patients consisted of 38 men and 22 women, and their ages ranged from 43 to 77 years old with the mean age of 61. None of the patients received any type of therapy prior to surgery. Informed consent was obtained from all of the patients. The study was approved by the institutional review board.
2.2.
Immunohistochemistry. Two to three most representative sections (slides) were selected for each case and stained with monoclonal antibody against PRL-1 (provided by Dr. KeGuo, coauthor). The procedure was as described previously in [26, 27] . Briefly, 5-micron-thick sections were deparaffinized, incubated with pepsin (Sigma) in 37 • water bath for 5 minutes for antigen retrieval, and then quenched with 3% hydrogen peroxide for 15 minutes. After blockage in 5-10% normal goat serum for 20 minutes, the slides were stained with monoclonal antibody against PRL-1 (all in 1 : 50 dilution) at 4 • overnight and then incubated for 30 minutes each with goat antimouse IgG (Zymed, USA) and Streptavidin-HRP (Zymed, USA). The positive reaction was visualized with 3, 3-diamino-benzidine tetraphydrochloride (Zhongshan Golden Bridge, Beijing, China). The slides were counterstained with hematoxylin. The negative control was performed in the same way except omission of primary PRL-1 antibody.
Five hundred cells from 5 representative areas of ESCC were counted in each section. An average of 10% or more tumor cells staining was defined as positive. Immunohistochemical staining was interpreted independently by two observers (L. H. X and L. Y. Q). The reproducibility was 95.5% (63/66). The cases with disagreement were discussed by the 2 observers and categorized according to consensus.
Statistical Analyses.
All data were analyzed with SPSS version 11.0 statistical package (Shengce Software Ltd., Beijing, China). The differences in positive rates were analyzed by χ 2 test. The relationship of 2 variables was analyzed by correlation analysis. P values less than .05 were defined as statistically significant.
Results

Expression of PRL-1 Protein in Benign Esophageal Tissue.
PRL-1 immunoreactivity was visualized as brown granular staining in the cytoplasm. In normal esophageal mucosa, the staining was located only in the stratum spinosum and above, but not in the basal cell layers ( Figure 1 ). Therefore, the staining of basal cell layers is used hereafter as index of PRL-1 expression in benign esophageal tissue. PRL-1 protein was also expressed in the skeletal muscle, ductal epithelia of esophageal glands, and plasma cells.
Expression of PRL-1 Protein in Esophageal Neoplasm.
PRL-1 also showed cytoplasmic brown granular staining in ESCC, especially in tumor cells with keratin pearl (Figures 2(a) and 2(b)). PRL-1 protein was expressed in 68.3% (41/60) of ESCC, but not in any of normal esophageal mucosa (P < .001, Table 1 ). To explore the association of PRL-1 protein with tumor metastasis, we compared the frequency of PRL-1 protein expressions in primary ESCC with and without lymph node metastasis. The results showed that PRL-1 protein was expressed in 77.5% (31/40) of ESCC with lymph node metastasis (Figure 3 ), significantly higher than that (50%, 10/20) of ESCC without lymph node metastasis (P = .031, Table 1 ).
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To extend such exploration, we compared the frequencies of PRL-1 protein expression in metastatic ESCC with those in primary ESCC. The results showed that PRL-1 protein was expressed in 97.5% (39/40) of the metastatic ESCC in lymph nodes, significantly higher than that of the primary ESCC in every category (77.5% (31/40)) in the primary ESCC with lymph node metastasis (P = .025); 50% (10/20) in the primary ESCC without lymph node metastasis (P = .001); 68.3% (41/60) in all of 60 primary ESCCs (P = .003, Table 1 ).
Out of 6 cases of esophageal adenocarcinoma (EA), PRL-1 protein was expressed in 4 cases (66.7%, Table 1 ). This frequency is similar to that of ESCC (P = .508, Table 1 ).
Interestingly, PRL-1 showed nuclear, in addition to cytoplasmic (Figure 4(a) ), staining of tumor cells in 3 poorly differentiated EA (Figure 4(b) ). The remaining one positive case was well-differentiated EA, showing solely cytoplasmic staining.
To examine the association of PRL-1 protein expression with clinicopathological factors, we compared its frequency between the patients' genders and ages, tumor's location, tumor differentiation, and stages. The results showed that the frequency of PRL-1 protein expression was 79.4% in stage III ESCC, significantly higher than that in stage 1 ESCC (33.3%, P = .003, Table 2 ), but similar to that in stage IIA (well, 76.5%, P = .12) and stage IIB (66.7%, P = .491) ESCC. PRL-1 protein tends to express more often in well-and moderately differentiated ESCC than in poorly differentiated ESCC, but such differences were not significant (P = .109, P = .069, Table 2 ). Statistical analyses showed no significant association of PRL-1 protein expression in ESCC with the patients' sex and age or tumor size ( Table 2 ).
Discussion
Since it was discovered in 1996 [8] , PRL has drawn many researchers' attention due to its close association with human cancer and tumor metastasis. Experiments have shown that PRL can promote cell proliferation, enhance cell mobility, and induce metastatic tumor formation [10, 28] . PRL-3 expression has been extensively studied in a variety of tumor cell lines [12-14, 29, 30] and human cancers including colorectal, gastric, hepatic, ovarian, cholangiocarcinoma, nasopharyngeal, esophageal, and breast cancers [13] [14] [15] [16] [18] [19] [20] [21] [22] [23] . This study investigated the expression of PRL-1 protein, another member of PRL family, and explored its association with metastasis of ESCC.
The expression of PRL-1 proteins in the normal esophageal epithelia was interestingly limited to differentiated squamous epithelia (stratum spinosum and above) with exclusion of the basal cell layers, the stem cells of esophageal epithelia. These results support the hypothesis that PRL is normally associated with terminal differentiation [25] . The similar expression pattern is also seen in the expression of other molecules including CK20. CK20 is expressed only in the top layer, umbrella cells, of normal urothelial epithelial cells [31] , and such pattern has been widely used by surgical pathologists to differentiate neoplastic lesion from reactive process in the urinary bladder. Therefore, lack of PRL-1 staining in the basal cell layers was defined as normal in nonneoplastic esophageal epithelia in this study. Based on these criteria, PRL-1 protein was not expressed in paired normal esophageal mucosa (0%) in contrast to 68.3% in primary ESCC (P < .01). This frequency is similar to that (78%) of PRL-3 in ESCC [22] . PRL-3 was reported to closely associate with tumor's metastasis in human cancers including colorectal, gastric, and breast cancers [16, 17, [32] [33] [34] [35] . In this study, the frequency of PRL-1 protein expression was significantly higher in ESCC with lymph node metastasis than that in ESCC without lymph node metastasis and also significantly higher in metastatic ESCC in lymph node than that in primary ESCC. Our results are consistent with those reported for other human cancers and suggest that PRL-1 may be involved in promoting the metastasis of ESCC. PRL-1 protein was also expressed in the majority (3/4, 66.7%) of esophageal adenocarcinoma (EA), similar to its expression frequency in ESCC (68.3%, 41/60). PRL-1 was also interestingly expressed in the nuclei, in addition to the cytoplasm, of tumor cells in the poorly differentiated EA, but not in any ESCC. This characteristic nuclear staining of PRL-1 in EA suggests that PRL-1 may have broader clinical implication than PRL-3 since nuclear staining has not been reported for PRL-3. Presence of nuclear staining will facilitate differential diagnosis of poorly differentiated EA from poorly differentiated ESCC. Such differential diagnosis remains a big challenge for the surgical pathologist, especially when tumor is located in the lower 1/3 of the esophagus. The clinical application of PRL-1's nuclear staining needs to be further explored with more cases. The mechanism of due nuclear and cytoplasmic staining of PRL-1 is not clear. It may be associated with its function and molecule trafficking within cells. PRL-1 was originally thought as a nuclear protein [10] , but subsequent study revealed that all three PRLs are mainly associated with the membrane structure [36] . The subcellular localization of endogenous PRL exhibited cell cycledependent pattern as shown with immunofluorescence. In nonmitotic HeLa cells, PRL-1 was present in the endoplasmic reticulum in a farnesylation-dependent manner. However, in mitotic cells, it relocalized to the centrosomes and the spindle apparatus in a farnesylation-independent manner [12] . PRL-1 was consistently expressed in the nuclei of mature cells with the development progression [25] .
Studies have shown that expression of PRL-3 is positively correlated with the stage of colorectal, gastric, and ovarian cancers [15, 16, [35] [36] [37] and reversely correlated with the disease-free survival in breast cancer [34] . In addition, PRL-3 expression was also closely associated with tumor size, lymphatic and venous invasion, and extent of lymph node metastasis in gastric cancer [35] . Ooki et al. reported that, in ESCC, PRL-3 was independent prognostic factor for LMN stage, not associated with any other clincopathological parameter [22] . Our results showed the similar association for PRL-1 protein in ESCC and indicated that PRL-1 may serve as a good biomarker to predict the aggressiveness, especially the potential of metastasis, of ESCC.
Overexpression of PRL-3 in metastatic tumor has intrigued people to explore its potential role as the therapeutic target for cancers. The effectiveness and feasibility of such approach have been proved experimentally. The expression of the catalytically inactive PRL-3 mutant significantly reduced the cell migratory capability [14] . The higher migratory ability in PRL-3-overexpressed cells could be reversed by specific antisense oligodeoxynucleotide and the phosphatase inhibitors [14] . PRL-3-specific knockdown using small interfering RNA severely impaired the growth of ovarian cancer cells [15] and abrogated motility (in vitro) and hepatic colonization (in vivo) of human colon cancer DLD-1 cells [17] . The antiprotozoa drug, pentamidine, is an inhibitor of PRLs and can inactivate exogenous PRLs with a long effective duration (>24 h) after a pulse cell treatment at its therapeutic dose. It also inhibits growth in human cancer cell lines expressing endogenous PRLs. The growth of WM9 human melanoma tumors could also be markedly inhibited by pentamidine at a tolerable dose in nude mice with the induction of tumor cell necrosis [38] . Extremely high frequency of PRL-1 protein expression in primary ESCC (up to 68.3%) and their metastatic lesions (up to 97.5%) in lymph nodes identified in this study will provide further evidence for exploring such possibility to prevent and treat metastasis of ESCC in the future.
